Abstract: This paper proposes improvement on sensorless vector control performance of a permanent magnet synchronous motor (PMSM) with sliding mode observer. An adaptive observer gain and second order cascade low-pass filter (LPF) were used to improve the estimation accuracy of the rotor position and speed. The adaptive observer gain was applied to suppress the chattering intensity and obtained by using the Lyapunov's stability criterion. The second order cascade LPF was designed for the system to escalate the filtering performance of the back-emf estimation. Furthermore, genetic algorithm was used to optimize the system PI controller's performance. Simulation results showed the effectiveness of the suggested improvement strategy. Moreover, the strategy was useful for the sensorless vector control of PMSM to operate on the low-speed area.
Introduction
Due to the benefits such as high power density, high speed and high efficiency, permanent magnet synchronous motor (PMSM) is widely used not only in industrial field, but also in home appliances and research field. The control technique known as vector control has been used to obtain high performance control on PMSM. The chattering problems were successfully reduced by using the sigmoid function. 7) In this paper, adaptive observer gain and second order cascade LPF are proposed to decrease the chattering problem caused by the switching function.
The adaptive gain is easily obtained from the speed command and motor flux linkage parameter according to Lyapunov's stability analysis derivation.
The second order cascade LPF is used as the filtering method to decrease the chattering problems and to obtain smooth back-emf estimation.
Moreover, genetic algorithm (GA) is used on PI controllers gain design to improve the system control performance. Finally, the performance and effectiveness of the proposed method are verified from simulation results. Eq. (1) is rearranged to design the sliding mode observer as follow:
Mathematical model of PMSM
The sliding surface is selected as: (4) where
is the actual value and 
where the symbol hat "^" denotes the estimated value and  is observer gain. Symbol  is the switching signal which contains the estimated back-emf information.  is the signum function and it is represented as:
The dynamic estimation error can be obtained by 
Furthermore, the estimated back-emfs are used to calculate the speed according to Eq. (2) as follows:
(12) Fig. 2 shows the structure of the conventional SMO on the PMSM sensorless control system.
Design of an adaptive observer gain
The SMO is also known as high gain observer which has appropriate behavior in disturbance rejection. 8) The noise and chattering problems are magnified because of the high gain usage. However, the estimation results will be deteriorated if the gain is too small. Hence, appropriate gain is desirable to suppress the chattering problems. An adaptive observer gain is designed to overcome the problem. 
Where    is reference speed. With this adaptive method, the observer gain can adjust to the actual back-emf so that the observer is enough to estimate the back-emf precisely and able to suppress the chattering problems.
Design of second order cascade LPF
In the conventional SMO system, first order LPF However, the usage of this filter causes a long time delay in estimating the position of the rotor.
Furthermore, the time delay of the position is caused by the variation of the estimated rotor speed.
The phase delay ∆ compensation is needed to overcome the delay, and it is calculated as follows:
(19) Fig. 3 shows the structure of the proposed SMO.
The PI controllers of sensorless PMSM control shown in Fig. 1 including proposed SMO is optimized by using GA method to improve the system control performance. 
Simulation results and analysis
System in Fig. 1 has been simulated in the Matlab/Simulink environment in order to verify the validity of the proposed system. Table 1 shows the parameters of the PMSM. Appropriate observer gain K is needed to decrease the chattering magnification caused by the high observer gain. The adaptive observer gain K is used to overcome that problem. shows that the proposed SMO method was desirable as the observer on the PMSM sensorless control to reach high precision control performance. Table 2 shows the comparison of the performance between conventional SMO and the proposed SMO. Fig. 8 shows the results when two parameters of the system shown in Table 1 were changed purposely to verify the robustness of the system.    and    denotes 20% decrement from the nominal value of the two parameters. From Fig. 8 , it shows that even though some parameters were changed from real values, the system can still give good responses. This implies that the proposed system has strong robustness. Fig. 9 shows the speed response in low-speed region. The result confirms that the estimated speed was able to track the actual speed (11) and (12), if the chattering problems occurred on the back-emf estimation can be suppressed as minimum as possible, then the precision of the speed and position estimation will increase. Hence, it will contribute to achieve good sensorless operation of PMSM in very low-speed.
Conclusions
This Furthermore, the speed estimation in low-speed area was giving a good tracking performance. This is because of the deterioration on the back-emf estimation caused by the chattering problems can be overcome by applying the suggested strategy.
Moreover, optimization of PI controllers by the GA increased the control performance and robustness of the PMSM sensorless control system.
